Direct and quick molecular analysis of live plant single cells viewed under a video-microscope has been developed in their intact undamaged environment using nano-electrospray tip and mass spectrometers. This method has been successful in identifying specific molecules in plant live single-cell analysis by mass spectrometry, and opens the possibility to compare different cell types from different tissues with morphological evidence in undamaged plants. 1 On the other hand, prior to their extensive use in the pharmaceutical industry, natural compounds with medicinal properties must undergo intensive testing, which requires time and resources. The primary screening of crude plant extracts, followed by guided fractionation, isolation of active components and structural elucidation of novel bioactive compounds, can take a long time since this specific analysis is tedious.
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Cell-separating protocols, like the preparation of epidermal fragments, protoplasts or tissue peels, do not represent cells in their intact undamaged environment. Some protocols have already been developed for single-cell analysis, but are tedious. 2 Mass spectrometry has become an outstanding tool for metabolic analysis at a single-cell level. 3 By applying bioimaging together with mass spectrometry, we recently innovated a new successful approach for direct and fast live single-cell analysis. 4, 5 In this work, our technique was applied to plant single-cell analysis, providing direct, quick, versatile and non-destructive analysis of different cells that can be found in several layers of plant tissues. This allows having an analytical method that provides direct information at the cell level in real time. The plant tissue is not damaged in the analysis, and thus metabolic processes can be monitored with time within the same sample, a fact that cannot be achieved by the extraction of plant tissues.
High-resolution mass spectrometers, such as a hybrid linear ion trap/Orbitrap mass spectrometer, have also been employed for the detection of both common and uncommon compounds. 6, 7 Pelargonium zonale, (synonym: Pelargonium x hortorum), commonly known as garden geranium, leaves and leaf stalks were monitored by a CCD video camera mounted on a stereo microscope (OLYMPUS SZX12 or LEICA DFC 400). Cells of † To whom correspondence should be addressed. E-mail: tsutomu@hiroshima-u.ac.jp the leaf and leaf stalk were sucked into a gold-coated glass capillary nano-electrospray tip (Humanix, nanospray tip, Japan) set on a micro-manipulator (Narishige, MHW-103, Japan) using a syringe via tubing. For positive-mode detection, acetonitrile containing 0.5% formic acid was added as an ionization solvent to the sucked sample solution in the capillary nanospray tip.
Mass spectrometric detection was performed by a LTQ Orbitrap mass spectrometer (THERMO Fisher Scientific Inc.) equipped with a nano-ESI ion source. The spray voltage was set to around 1500 to 2000 V, the resolution of the equipment was set at 100000 and the capillary temperature was set at 50°C. The selected range of the measurement was m/z 100 to 1000. The MS/MS analysis was performed that the [M+H] + ions were dissociated in the HCD (higher energy collision-induced dissociation) mode using the normalized collision energy at 55%.
A Fourier-transform manual calibration in the positive-mode was performed at the beginning of each group of measurements using polytyrosine; m/z 182.08117, 508.20783, 997.397810. The obtained spectra were analyzed by XCALIBUR software (THERMO Fisher Scientific Inc.).
A nano-electrospary ionization (nano-ESI) tip was directly inserted into a single cell of Pelargonium zonale leaf stalk or leaf under a microscope. In the sucking process of the leaf, special care was taken to take the sample from a cell of the upper mesophyll trespassing the cuticle to suck its content (Fig. 1a) . Similarly, the procedure was performed to suck cells of the different parts of the leaf stalk, as shown in the photographs of Fig. 1b . Then, samples were set to a nano-ESI attachment of the mass spectrometer for analysis. More than one thousand of the MS peaks out of a sample of around 1 -5 pl were detected, as shown in the spectra. All peaks from the samples were analyzed by statistic t-test for differentiating or extracting cell-specific and non-specific peaks. The t-test compares the intensities of a certain MS peaks between two sets of data groups. In this case, the peaks from leaf cell samples were compared versus leaf stalk cell samples (Fig. 1c) . Those peaks that could be found only in the leaf or in the leaf stalk, corresponded to t-values of 100% and -100%, respectively. The t-value is around zero (%) if the peak is found in both samples with the same intensity.
Among all detected peaks, m/z 169.12223 (Δppm -0.451, (Figs. 2a and 2b ).
An analytical discussion can be developed with the peak at m/z 155.14294 (Δppm -0.656, C10H18O), since two possible compounds, which can be found in the plant, 8 can match these (Fig. 2c) . Due to the fact that the MS/MS data of the peak m/z 155 can be explained by the fractionation of the two stated compounds, the expected existence of a mixture of both products is given as a qualitative result. The described method has been successful in identifying specific molecules in plant single cell analysis, and opens the possibility to compare different cell types from different tissues within undamaged plants by mass spectrometry which, together with morphological evidence, can directly unveil the molecular mechanism and dynamics of living organisms with higher speed and accuracy than at the present, thus avoiding the use of other analytical methods that could destroy the tissue of the study. We consider that many applications can be foreseen for the proposed protocol of analysis, such as quick quality control of crops, analysis of plant diseases and their treatment control, food analysis, quality control of medicinal plants and metabolism studies in biocompounds in medicinal plants used in pharmacology etc., which can be of interest in the present-day analytical field. 
